Polycystic ovary syndrome (PCOS), a hyperandrogenic disorder, is the commonest endocrinopathy in premenopausal women. This syndrome is associated with fertility problems, clinical manifestations of hyperandrogenism and metabolic disturbances, particularly insulin resistance and obesity. There is a great body of evidence that patients with PCOS present multiple cardiovascular risk factors and cluster components of metabolic syndrome from early ages. The presence of comorbidities such as abdominal obesity, insulin resistance, type 2 diabetes, hypertension places these females at an increased risk of future cardiovascular events. However, the extent to which PCOS components are present in perimenopausal women and the degree to which PCOS increases various risk factors in addition to the known risk of the perimenopausal period have not been fully determined. The perimenopausal period per se is associated with weight gain and an increased cardiovascular risk, which may be additionally aggravated by the presence of metabolic disturbances connected with PCOS. The phenotype of PCOS may improve with aging and it is still uncertain whether the presence of PCOS significantly increases the cardiovascular risk later in women's life. Most recent data suggest that the prevalence of cardiovascular diseases and the related long-term consequences in females with PCOS seem to be lower than expected. This manuscript reviews long-term consequences of PCOS and considers their clinical implications in perimenopause.
Introduction
Polycystic ovary syndrome (PCOS) is considered to be the most common endocrine disorder in women and dependently on diagnostic criteria, accounts for approximately 10% of premenopausal women [1] . The clinical manifestation of PCOS is heterogeneous, varies widely between patients, but the diagnosis of the classic phenotype is mainly based on a triad of symptoms that include hyperandrogenism (either clinical or biochemical), oligoovulation or anovulation and the presence of polycystic ovaries in ultrasound examination [2] . The etiology of PCOS is multifactorial and still not fully understood [1] . The numerous research about its pathogenesis have shown that familial and genetic factors may cause predisposition to PCOS [3] . Data cover the potential fetal developmental programming to the molecular basis of adipose tissue dysfunction, insulin resistance, inflammation, oxidative stress and endothelial dysfunction [4] . However, the basic pathophysiologic defect in PCOS has not yet been established. Insulin resistance and subsequent hyperinsulinemia are major features of PCOS and occur in up to 80% of all affected females and in almost all obese women with PCOS [5] . It has been proven that insulin per se, through IGF1R signaling or through classical insulin receptor signaling, can enhance androgen secretion and induce development of polycystic ovaries. Furthermore, hyperinsulinemia inhibits hepatic production of sex hormone binding globulin (SHBG) and in that mechanism increases the level of free testosterone in serum. Additionally, increased androgen levels facilitate the release of free fatty acids from visceral fat tissue, what exacerbates insulin resistance [6] . Insulin resistance in PCOS is also associated with abdominal obesity and other components of metabolic syndrome. All these abnormalities place females with PCOS at an increased risk of cardiovascular disorders later in life [7] . [8] . According to the Rotterdam criteria, PCOS is diagnosed in the presence of two out of the following symptoms: oligo-or anovulation, hyperandrogenism and the presence of polycystic ovaries [9] . The PCOS diagnosis made in accordance with the most recent criteria of the Androgen Excess and PCOS Society, needs confirming the presence of hyperandrogenism which is considered as central abnormality, with ovarian dysfunction [10] .
Diagnostic criteria

Polycystic ovary syndrome and perimenopausal period
The diagnosis of PCOS in perimenopause can be difficult to establish. It has been reported that clinical and biochemical manifestations of PCOS change with age and the phenotype of PCOS in women in the perimenopausal period is uncertain and difficult to define [11] . Menopausal transition as a physiologic process occurs along with aging, and itself is associated with several hormonal and metabolic changes, what may be challenging to be distinguished from abnormalities connected with PCOS. Numerous studies confirm that in perimenopausal women there is increased prevalence of metabolic syndrome what is connected with observed weight gain, especially in abdominal fat tissue, hypertension and their clinical consequences in this population of females [12] . According to many observations, the classic phenotype of PCOS, connected with hyperandrogenism, oligoovulation and polycystic ovaries, ameliorates with aging [13] . That is why widely used criteria for diagnosis of PCOS may not be useful in perimenopause. The disturbances in ovulation are common among young women and menstrual cycles may become regular with age in women with PCOS [14] . Furthermore, ovarian volume and number of follicles decrease with age in both healthy controls and women with PCOS [15] . Additionally, hyperandrogenism considered as the hallmark of the syndrome, may partially resolve in the perimenopausal period in women with PCOS [16] . This phenomenon can be explained by ovarian and adrenal aging and decreased androgens production in that mechanism [13] . However, it has been reported that androgens excess in patients with PCOS persists after the menopausal transition and postmenopausal women with PCOS are exposed to higher adrenal and ovarian androgen levels than non-PCOS women [17] . Data published by Puurunen et al. revealed that enhanced ovarian androgen secretion along with unfavorable metabolic changes such as impaired glucose tolerance, chronic inflammation, observed in a group of premenopausal women with PCOS, persist after the menopausal transition [18] . For PCOS diagnosis in perimenopause some studies have relied on a previous history of oligoovulation, the presence of polycystic ovaries and current features of hyperandrogenism: hyperandrogenemia or hirsutism [19] . Other researchers additionally have taken into account elevated waist circumference and biochemical evidence of insulin resistance for diagnosis of PCOS in the perimenopausal period [20] .
Insulin resistance and metabolic syndrome
Metabolic syndrome is an insulin-resistant state, which is defined as a constellation of common cardiovascular risk factors, including visceral obesity, impaired carbohydrate metabolism, dyslipidemia and hypertension. It is believed that metabolic syndrome may predict a higher risk of cardiovascular events than the sum of the risks imparted by separate components [21] . There is a great body of evidence that PCOS and metabolic syndrome appear to be interrelated disorders linked together by insulin resistance. Metabolic syndrome and underlying insulin resistance are the major features in women with PCOS, while females with metabolic syndrome may develop reproductive or endocrine disturbances of PCOS. What is interesting, insulin resistance, as well as central adiposity, affects not only obese but also lean women with PCOS, that is why the population of PCOS females are prone to develop metabolic syndrome independently of obesity per se [3] [4] [5] [6] . Additionally, hyperandrogenism commonly present in PCOS, may exacerbate the metabolic disturbances via the aggravation of central adiposity and promotion of insulin resistance [22] . Data reveal that lean PCOS patients in comparison to lean control subjects, were found to display more significantly an atherogenic lipid profile and other additional cardiovascular risk factors, not included in the classic definition of metabolic syndrome, such as increased markers of low-grade inflammation, impaired fibrinolysis and oxidative stress [23] [24] [25] . It has been established that the incidence of metabolic syndrome increases substantially during perimenopause and after menopause [12] . What is interesting, Livadas et al. reported an increase in insulin resistance along with aging, but only in obese women with PCOS [26] . They found that insulin resistance was positively associated with BMI and androgens level. Knowing the fact that androgens decline with aging, not obese females with PCOS may present a better metabolic profile with time and PCOS may remain even a silent disorder [26] . This observation strongly confirms the need of implementation of lifestyle modification against weight gain, what may ameliorate adverse cardiometabolic profile in PCOS females.
Polycystic ovary syndrome and cardiovascular risk
According to many research, PCOS should be considered as a metabolic disorder with an increased risk of future type 2 diabetes and cardiovascular disease [27] . The results of clinical studies in females with PCOS, which focused on surrogate outcomes for cardiovascular risk, have confirmed the existence of metabolic risk factors in this population of patients, such as endothelial dysfunction, platelet dysfunction, increased low grade inflammation, increased coronary artery calcification, arterial stiffness and carotid intima-media thickness [23] [24] [25] . Shaw et al. confirmed an increased number of cardiovascular events and higher incidence of diabetes, obesity, metabolic syndrome and coronary artery disease in a group of postmenopausal women with PCOS in comparison to other postmenopausal females [20] . Another study revealed a positive correlation between cardiovascular disease and a number of features of PCOS in postmenopausal women, what led to the conclusion that PCOS increases the risk of cardiovascular events after menopause [19] . Such observations may indicate the increased long-term risk of cardiovascular morbidity and mortality in PCOS females and explain the need of a complete and periodical cardiometabolic evaluation with the aim of preventing future events. However, despite a significantly higher risk of cardiovascular disorders, such as hypertension, atherogenic lipid profile, obesity, diabetes in females with PCOS, some studies to date have brought contradictory findings and failed to establish increased cardiovascular mortality or morbidity [28, 29] . In the small Swedish longterm, a prospective follow-up study of PCOS women in postmenopausal age, the risk of acquiring myocardial infarction, stroke or death caused by cardiovascular disease did not differ between the groups. Furthermore, total mortality during 21-year follow-up period was similar in comparison to the control group despite the higher prevalence of cardiovascular risk factors among patients with PCOS [30] . These findings may support the notion that traditional cardiovascular risk factors may not be fully applicable to a population of patients with PCOS and new markers are needed for better assessment and stratification of PCOS patients. In conclusion, although PCOS patients are considered to have an increased cardiovascular risk, recent available data suggest that the prevalence of cardiovascular diseases and the related cardiovascular risk in females with PCOS may be lower than expected [31] . However, further studies on a larger PCOS population with a long-time follow-up are required to investigate the impact of metabolic disturbances on cardiovascular events and overall mortality in PCOS patients.
Polycystic ovary syndrome and risk of cancers
In PCOS there are numerous potential mechanisms which could promote malignant disease, including the prolonged anovulatory status and associated imbalance between androgen and estrogen action, insulin resistance and secondary hyperinsulinemia [32, 33] . Many studies have been conducted in order to assess the risk of cancers in women with PCOS. Barry et al. performed a systematic review and meta-analysis of observational studies and concluded that women of all ages with PCOS are at increased risk of endometrial cancer [34] . The obtained data failed to confirm the increased risk of ovarian and breast cancer in PCOS patients [34] . Similarly, Haoula et al. found the same association between PCOS and a significantly increased risk of endometrial cancer in females with PCOS [35] . They analyzed data from comparative studies and concluded that women with PCOS were about three times more likely to develop endometrial cancer in comparison to patients not affected with PCOS. Research of others confirmed also a higher risk of ovarian cancer [36] , although other studies have not supported this observation [28, 34] . Inconsistent findings also exist regarding the risk of breast cancer in women with PCOS [28, 37] . More research is required to precisely define the overall cancer risk in PCOS population. However, current data indicate that in women with PCOS there is a significant cancer risk, at least for endometrium. This finding should facilitate proper screening strategies, lifestyle changes and metformin treatment as a primary intervention what may decrease the risk in PCOS population.
Conclusions
Polycystic ovary syndrome, the commonest endocrinopathy among premenopausal women, is also associated with metabolic dysfunction that may induce an increased cardiovascular risk, although long-term consequences and disease endpoints are not so far well established. Moreover, the phenotype of PCOS can vary widely throughout lifespan and may ameliorate with aging. The perimenopausal period is associated with weight gain and an increase in both total body fat and visceral fat tissue. The weight excess per se is associated with an increased cardiovascular risk, which may be additionally aggravated by the presence of metabolic disturbances connected with PCOS. However, it is still uncertain whether the presence of PCOS significantly increases the cardiovascular risk later in life. Most available data suggest that the prevalence of cardiovascular diseases and the related long-term consequences in females with PCOS seem to be lower than expected. But taking into account an increased risk of endometrial cancer and cardiovascular disease, especially in perimenopausal obese women, it should be emphasized that a diagnosis of PCOS, especially if accompanied by excess weight, must be followed by a complete and periodical cardiometabolic and gynecologic evaluation. There is a great body of evidence indicating that, when obesity is present, lifestyle intervention for the control of weight excess should be always considered, and if necessary combined with pharmacotherapy.
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